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Figure 1 

Schematic layout of the arrangement of the genetic locus encoding the signal peptide 
precursor, the histidine kinase and the response regulatot. Note that this arrangement is 
different from other loci in related streptococci for the following reasons: a) The comC 
gene is transcribed fiom its own promoter alone, ualike the genes thus far described In 
other streptococci that arc arranged in an operon-like cluster wth the comC/DE genes 
being transcribed fiom a single promoter 

b) The comC gene i$ separated from the comD gene by 148 nucleotides. 



Streptococcus mutans 
ComCDE O^eron 
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Figure 2 

Sequences of the open reading frames encoding the signal peptide precursor (ComC), the 
histidine kinase (ComD), and the response regulator (CoxoE). 

> S. mutans comC gene 

Encodes a precursor bo a signal peptide 
[ATGAAAAA%ACACTATC%.TTiUUU^T6ACTTTA&A6AAATT2U^ACTGATG7^^ 

TTTTACACAAGCTTTGGGAAaA) ] TAA 

> S. mutans CSP encoding sequence 
Competence Signal Peptide 

AeCGGAAGCCTATCAACATTTTTCCGGCTQTTTAACAGAAGTTTTACACAAGCTTTGGG 
AAAA [SEQ ID NOjI] 

> mutans comD gene 

Encodes a protein that functions as a histidine kinase 
receptor 

[ATGftATGAAGCCTTAATGATACTTTCAAATGGTTTATTAACTTATCTAACCGTTCTAX 

TTCTCTTGTTTCTATTTTCTAAGGTAAGTAATGTCACTTTATCGAAAAAGGAATTAACT 

CTTTTTTCGATAAGCAATTTTCTGATAATGATTGGTGTTACGATGGTGAACGTAAACCT 

GTTTTATCCTGCaGAGCCTCTTTATTTTATJVGCTTTATCSiATTTATCTTAATAGACAGA 

ATAGTCTTTCTCTAAATATATTTTATG6TCTGCT6CCTGTT6CCAGTTCTGACTTGTTT 

AGGCGGGCAATCATATTCTTTATCTTGGATGGAACTCAAGGAATTGTAATGG6CAGTAG 

CATTATAACCACCTATATGATCGAGTTTGCAGGAATAGCGGTAAGTTACCTCTTTCTCA 

GTGTGTTCAATGTTGATATTGGTCGACTTAAAGATAGTTTGACCaAGATSAAGGTCAaA 

AAACGCTTGATTCCAATGAATATTACTATGCTTCTATACTACCTTTTAATACAGGTATT 

GTATGTTATAGAGAGTTATAATGTGATACCGACTTTAAAATTTCGTAAATTTGTCGTTA 

TTGTCTATCTTATXTTATTTTTGATTCTGATCTCATTTTTAAGCCAATATACCAAACAA 

AAGGTTCAAAATGAGATAATGGCACAAAAGGAAGCTCAGATTCGASATATCACCCAGTA 

TAGTCAGCAAATAGAATCTCTTTACAAGGATATTCGAAGTTTCCGCCATGATTATCTGA 

ATATTTTAACTAGCCTCAGATTAGGCATTGAAAATAAAGATTTAGCTAGTATTGAAAAG 

ATTTACCATCAAATCTTAGAAaAAACAGGACATCAATTGCAGGATACCCGTTATAATAT 

CGGCCATCTAGCTAATATTCAaAACGAT6CTGTCAAGGGTATCTTGTCAGCA?iAAATCT 

TAGAAGCTC».Gi4ATAAAAAGATTGCTGTCAATGTAGAAGTCTCAAGTAAAATACflACTG 

CCTC5AGATGGAGTTGCTTGATTTCATTACCATACTTTCXATCTTGTGTGATAATGCCAT 

TGAGGCTGCTTTCGAATCATTAAATCCTGAAATTCAGTTAGCCTTTTTTAAGAAAAATG 

GCAGTATAGTCTTTATCATTCAGAATTCCACCAAAGAAAAACAAATAGATGTGAGTAAA 

ATTTTTAaAGARAACTATTCCACTAAAGGCTCCAATCGCGGTATTGGTTTAGCAAAGGT 

GAATCATATTCTTQAACATTATCCCAAAACCAGTTTACAAACAAGCAATCATCATCATT 
TATTCAAGCAACTCCTAATAATAAAZ^ TAG 



> S. mutans comB gene 

Encodes a response regulator that activates transcription 
of a number of genes 
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[ATGATTTCTATTTTTGTATTGGAAGATGATTTTTTACAACAAGGACGTCTTGAAACCA 
CCATTGCAGCTATGATGAAAGAAAaAAATTGGTCTTATAAAGAATTG^ 
AAACCACAACaACTTATTGACGCTATCCCTGAAAAGGGCaATCACa^GATTra 
GGATATTGaAATCaAaaAASAGG?iAAAGAAA6GACTGGAAGTAGCCAATCAGATTAQA 
AGCATAATCCTAGTGCAGTTATTGTCTTT6TCACGACACATTCTGAGTTTATGCCGCTC 
ACTTTTCAGTATCAGGTATCTGCTTTGGATTTTATTGATAAATCTTTGAATCCTGAGGA 
GTTCTCCCACCGCaTTGAATCSVGCGCTGTATTATGCTATGGAAAACAGCCAGAAGAAT^ 
GTCAATCAGAGGAACTTTTITATTTTCCATTCATCTGAAACTCAGTTTCAGGTCCCTTTT 
GCTGAGATTCTGTATTTTGAAACAlrCTTCAACAGCCCatTAAGCTCTGCCTTTATACTTA 
TGATGAACGGATTGAATTCTACGGCAGTATGACTGACATTGTTAAAATGGATAAGAGAC 
TTTTTCAGTGCC^TCGCTCTTTTATTGTCAATCCTGCCaATATTACCCGl'ATTGATCGG 
AAAAAACGCTTG6CCTATTTTCGAAATAATAAGTCTTGTCTTATTTCACGAACTAAGTT 
AACAAZkACTGAGaGCTGTGATTGCTGATCAAAGGAGAGCAAZl^] TQA 
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Figures 

The amino add sequences of the signal pqptide precursor (ComQ, the histidine kinase 
(ComD), and the re^onse regulator (ComE). 

> S. mutans come protein (CSP Precursor) 
MKKTLSIiKmFKBIKTDELEIIIGGSGSLSTFFRLPNSSFTQALGK 

> S. nutans ConiD protein (Histidine Kinase) 
MNEMiMILSNGLLTYLTVLPLLPIiFSKVSHVTLSKKELTLFSlSNFLIMIAVTM^^ 
PYPaEPLYFIMiSIiniNHQNSLSMIIFYGLLPVaSSDLPEiairPPILDGTQGIVM 
IITTYMIEPAGIALSYLFLSVPNVDIGRLKDSLTKMKVKKEILIPMNITMLLI^ 
YVIESYNVIPTLKFRKPWIVYLILPLILISPLSQYTKQKVQNEIIC^KEAQIRNITQY 
SQQIESLYKDIRSPRHDYLNILTSLRLGIENKDIASIEKIYHQILEKTGHQLQDTRYUr 
GHLaNIQMDAVKGILSAKILEAQliJKKIAVlIVEVSSKIQLPE^ 

EJUUPESLNPEIQIJ^FKKNGSIVFIIQWSTKBKQIDVSKIFKBNYSTKGSNRGIGIiaKV 
NHILBHYPKTSLQTSHHHHiiFKQLL 1 1 K 

> S. niutana ComE protein (Response Regixlator) 
MTSIPVLEDDFLQQGRLETTlAAIMKEIOIHSYKELTIPOKPQQLlDAIPBKCaiHQIFPL 
DIEIKKEBKKGLBVANQIRQHNPSAVIVPVTTHSEPMPLTPQYQVSALDPlDKSIiHPES 
PSHRIESALYYAMENSQKNGQSEELFI FHS SETQFQVPFAEILYPBTSSTAHKLCLYTY 

DBRIBFYGSMTDIVKMDKRLPQCHRSFIVNPAIilTRIDRKKRLAYPRinTKSCLISRTKL 
TKLRAVIADQRRAK 
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Figure 4 

The deduced amino acid sequence of the signal peptide precursor in various strains and 
its predicted cleavage site. The original peptide is expressed as a 46-amino acid peptide 
that is cleaved after die glycine-glycine residues to generate an active signal peptide. 



BM71 CSP 1 MKKXPSLKNPFKEIKTDELBIIXGGSGSLSTFFRLFimSFTQALGK 46 

CS)e 1 MKKTLSLKlTOFiyBIKTDELEIIXGGSGSIiSTFPRLPNRSFTQALGK 46 

H7 CSP 1 MKKTLSLKroFKEIlCrDEIiBIIIC3«3SGSLSTFFllLF^ 46 

^1*005 CSP X HKKTLSLKiroFKEIKTDEriEIIIGCSGlri.SOTFiaJim^ 43 

IiTll CSP 1 MKKTLSLKroFKEIJOTELEIIIGGSGSLSTPPSiLFKRSPTQ;^ 4€ 

KTGS CSP X MKKTLSLKITOFKEIICrDEtiBlIIGGSGSLSTFFiaiFJniSra 4fi 

HMIS^ CSP 1 MKKTLSLKOTFKElKTDEIiEIIIGGSGSLSTPFSLFI^ 4€ 



COnseaSTiS: l MKECrXiSLKfiTOFKElCTDELEXlIGG SGSLSTFFRLPNHSPTQaLGK 4S 

predicted cleavage aitei 
Figures 

The synthetic signal peptide that is effective at inducing competence, biofilm fonnation 
and acid tolerance in Streptococcus mutans. 



SGSLSTFFRLPMRSFTQALGK ISEQ ID NO; 2] 
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Figure 6 

The natural activity of the signal/receptor system fimctioning in vitro in model biofflms 
as determined by the ability of various strains of S. mtaans to accept donor plasmid DNA 
conferring erytfaromycin resistance. 



Genetic Transformation in S.nwtans Blofilms 




UAB159 



JH1Q05 
Strains 



GB-U 
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Figure? 

Induction of genetic transformation in Streptococcus muians 
by synthetic competeaice stimdating peptide (SCSP)^ 





Peptide added 


No peptide 


Strain 


Number of 


Number of 




Transformants/Recipients 


Transfonnaiits/ReciDients 


UAB15 


4,65X10"^ 


1.78X10-^ 


JH1005^ 


6.98X10^^ 


0 



The final concentration of SCSP used was 500 ng/ml. 
The strain contains a nonsense mutation in the comC graie encoding the CSP, 
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Figures 

List of the primers used to amplify the genes or internal regions of the target genes by 
polymerase chain reaction (PGR) for subsequent sequencing or inactivatioiL 

CcmC region 

ComC Primer Pain F5-B5 



[F5] 23406-23424 5V AGTrTnTGTCTGCCTGCG -3' 

19 nt forward prinier 
pctG+C: 47,4 Tm: 50.5 

(B5] 24056-24037 5'- TCCACTAAAGGCTCCAATCG ^3^ 

20 nt backward primer 
pctG+C: 30,0 Tm: 51.9 

651 lit product for r5-B5 pair (23406-24056) 
Optimal aiHiealmg temp: 50,3 
pet Q+C: 30,9 Tin: 71.5 

ComD region 

CoihD Primer Pain Fl-Bl 



[Fl] 392-415 5*-CGCrAAGTTACCTCriTCTCAGTG-T 
24 nt forward primer 
pctGiC; 45.8 Tm: 51.6 

[B 1] 6S3-663 5»- GCTTCCTTTTGTGCCATTATC -3' 
2 1 nt badcivard primer 
pctG+C: 42.9 Tm: 50.8 

292 nt product for Fl-Bl pair (392-653) 
Optimal annealmg temp: 49^ 
pctG+C; 30,8 Tnr 70.2 

ComE region 

ComE Primer Pair: Fl-Bl 



ffl] 145-165 5'-CCrGAAAAGGGCAATCACCAG-3' 

21 nt forward primer 
pctGK): 52.4 Tm; 55.9 

PSl] 606-5S5 5'-GCGATGGCACTGAAAAAGTCrC-3' 

22 nt backward primer 
pctG4<:!: 50.0 Tm: 55.4 

462 nt product for Fl -B 1 pair (145-606) 
Optimal annealing temu; 53.6 
pctG+C: 3S.3 Tm: 74.1 
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Figure 9 

ComCDE local region. The ComC (first highlighted regioii; nucleotides 101 to 241), 
ComD (second highlighted region; nucleotides 383 to 1708) and ComE (third highlighted 
region; nucleotides 1705 to 2457) protems are highlighted. 

Sequence Ranges 1 bo 2557 

10 20 30 40 50 

ACATTATGTGTCCTAAGGAJAaTftTTACTTTTrCaAGaftAATCCA 

<KKLPIWSK 

*r 

€0 70 80 90 100 

A?U^kGTATri'TTyAXCATATGATTA?iTATTAGTTT ITiT CCTCTATATTT 

<KMPS'LISlliriFI.I,YL 

<^ 

110 120 130 140 ISO 

ATOAAJlZWUiACaCEATCATTAAAAa^ 



-=iffvsdn3?fsk;lsilvs 

< 



160 170 130 190 200 

TGAATTAGAOATTATCATTGOTOGAAGCGGJ^GCCTATC^CATTT^ 



<S K S 1 I M 

< 



^ORF R?[2] 



210 220 230 240 250 

GGCTGTlTOACAGAAGTTTTACAC2UlGCTTTGGCa\^^ 



260 270 2S0 290 300 

TGTAACCTTTAirrTTGTTCCtSACCTAAATiUiTAAGG 

310 320 330 340 350 

AAAATAaAAATaCAGGGTTAAATAATCAaGTGTGCTGTCGTGGATGAGAA 
TTXTTATTTTTATGTCCCaATTTATTAGTTCACACCSaCAGC^^ 

S60 370 3S0 350 400 

Ca*ATTTTGATAGAGAATCrCTTATCCGGAGGAGATAA^ 



410 ^20 430 440 



450 
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< ORP RFI4] C 

4£>0 470 480 490 500 

O Rg RP[4] C 

510 520 530 540 S50 

CCTTTMXGCJU^TAGTTrTCTT^AAAAATT^ 




560 570 5B0 S^O €00 

TITCTWGGTGSAATTCTGAATQATAji^GAdTATACTGCCAWrTTCXX 




_ORF RF[4] C 



€10 62Q 630 €40 S50 

AAAAGGCXAACTtSaAtTTCAGGATTTA^^TGATXCGAAAGCT^ 
TOTTCCGATTGACM3VAAGTCCTAJiiiarrMTJU^GCTr» 

M> 

< ORF RPt4] C 



6S0 670 580 €90 700 

GCATTATCACACaaGATAGAAAGTATGGTAATGA&ATCAaaC^ 
CGTA^TAGTGTGTTCTATCTTTCATACCAXTACTTTAGTTCGTXGA^ 

Al,SHiCIESMVMKSSMSI> 
O'RP RFC3] > 

< ^ORP ap[4] c ^ 

710 720 730 740 750 

CTCAGGCAGTTGlS^TTTTACTTGftGACTTCTACATTGACAGC^^ 
GAGTCCGXCAACATA2UU%.TGAACTCWflAGATGTAACTGTCGTTAGAAAA 
SG SCIIiLET5TLTAlF> 

] ^ORF r:p[33 > 

< ^ORF RP [4 1 C 

750 770 780 790 800 

TATTCTGAGCTTCTAft^GATTTTTGCrrGACAAGATACCCT^ 

ATAAOACTCGAAGATTCTAAAAaCGAGTGTTCTATGGGAACTGTCGT^ 
L F> 

ORP R^E4} C_ 



810 820 830 340 350 

TTTTc3AATATTAGCTaGATGGCCGAiyiTTATAAC<?^ 
AAAACTTATAATCGATCTACCGGCTATAAXATTGCCCATAGGACGTTAAC 
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< ^ORP RF[4] C 



8^0 870 $00 890 500 

AWTCCTGTITTTTCTAAGArrTGaTGGTAaATCTTTa^C^ 
TaCAGGACAAAAAAGATTCTA^aCTACCaTTTZW^^ 

< OlSCe ^IF[43 C ^I_Z- 

910 320 530 940 $50 

AATCTTTATTTTC^iLATGCCTZ^CTGaiGGCTAGTTa^^ 



960 970 9B0 ^$0 3,000 

TCATCSGCGGAAACTTCGJiATATCCTTGTaAAGAGATTCTATTTGCTGACT 
AGTACCGCCTITOAAGCTTATAGGAACATTOCTCTAAG^ 

KAETSJTILVKRFYLLT> 



< _ORF Rip [4] C 



1010 1020 1030 1040 1050 

ATACTGGGTGATATTTCGAATCTGAGCTTCCTITTGTGCC^^ 
TATGACCCACTATAAAGCTTAGACTCGAAGGAAA^CGGTAATAGAG^^ 
ILGDXSNLSFIiLCHYL 1> 

< O RF R?t4] C__... ^' 

1060 1070 1080 1090 1100 

TTTCAACCTTTTGTTTGGTATATXGGCTTAAAAATGAGATCAS&ATCA^ 
AAACTTGaAflAACAAACCATATAACaS?^rm 
IilILLFGILA> 



1110 1120 1130 1140 1150 

AATAAAATAAGATOGACAATAAC(^CZ^AATTTACGA2^^^^ 



X160 1170 1130 1190 1200 

TATCACaiTTA5?AACTCTCTATAACATACAATACCTGTA^ 
ATAGTGTAATATTGAGAGATATTGTATGTTATOOAC^ 

< ^ORF RFtii C__ '"' " " '' ' 

1210 1220 X230 1240 12S0 

ATAGAAGCATAGTAATATTCATTGGAATCAAGCOTTTXTTCSaC<^ 
^^JS^5-?^!^^.f^^ATAAGTAAC 
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12«0 1270 128 0 1290 1300 

TTGGTCaUU^CTAXCTTTAAGTCGACCAkTATa^ 




1310 1320 1330 1340 1350 

AAAGAGGTAACTT&CCGCTATTCCTGCiWiACTCGZiTCATAarACCT 




_ORF RF[4] C 



1350 1370 1380 1390 1400 

TAATGClACTGCCCATTACaaTTCCP^ 




ORF J«F[4i C 



< 

1410 1420 1430 1440 1450 

ATGATTGCCCGCCTJW^CAAGTCaGAACTCMCAA^^ 




ORP RPf4T* C 



< 



<SQGGIiCTIiVPLI,CGVM 



14^0 1470 1430 1490 1500 

AAATAtATTTAGAGAAaGACTATTCTGTCTATTAaqa^TiSAA 




_ORF M-U] c" 



1510 1520 1530 1S40 1550 

CTAT?iAAATAAAGAGGCTCTGCA<3GATAAAACftGG 



^ 01^ RFE43 C * ^ * 



15S0 1570 1550 1590 1600 

GTAACAGCaATCaTOATCAGAAAATTGCTTATCCa!^^ 
CATT(3tCX3TTASai?iaTAGTCTT!rrAACGAATACCTT^^ 

< ^ORP 5F[4i C ^ 

^ 3.610 1S20 1630 1^40 1650 

CrTTTTCOATAAAGTiSaCATXACrrACCTTAa^ 




_0R3P RF[4J C 



1660 1€70 l^ao 1590 1700 

ATAGAaCGGT1?AGATAA<m'AATAAACCATTTQA^WiGXAXCATTiUVGG^^ 
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1710 1720 1730 1740 1750 

TCaTTCATTTTGCTCTCCTTTGATCAGCAaTCaC2VGC^ 



< ^ORF RF[SI C 



17S0 1770 1780 1790 ISOO 




SF[5] C 



ISIQ 1820 IdSO 1^40 IdSO 

CGCAAAAAAGGCTAGTTAT(3CCCATTATAACCGTCCTAACTGTTATTTTC 

< O RF RP[5] C 

leSO 1B70 1880 1890 1900 

AGCGATGG<atCTGAARAAGTCTCTTAXCCATTTTiUlCAATGTCAG'rCA^ 

tcgca^accgtgacxttttcagagaaxaggtaaaattgttacagtcaotat 
malkk:siiIHfhmvsh> 

ORF RF[1] > 

< O RF RF[5] C 

<v 

< 

1910 1920 1930 1940 1950 
CTGCCGTAGAATOCAATCCGMCATCATAAGTATAAAGCKAGAGCTTATC 
GACGGCATCTTAAGlrrAGGCAAGTAGTATTCaTATTTCCGTCTCGaAl!A 
TAVEFNPFI ISIKAELM> 
. ORF RF[1] > 

< OJC? RP[51 C_ " 

<Aa?SIffX,GNMMLlFASSl 

< ^ORF HFL61 C 



19S0 1970 1$Q0 1590 3000 

GGCTGrrGRAGATGTTTCAAAATACaGaATCTCAGCAAAAG 
CCGACA^CTTCTACAZ^GTraTATGTCTTAGAGTCGTTTTCCCTG^ 
G C> 



< O RF HF[SI C 

<PQQLHKLlCFRLi:.LSIlF 

< ^ORF RF[6] C 



2010 2020 2030 2040 2050 

ACTGAGTTTCAGATGiW^TGGAAaATAAAAAGTTCCTCT'GaTTGACCaTO 
TGAGTC2iAAGTCTACTXACCa['TTTATTTTTCAAGGAGlVC'rAACrrGGT 

< ^ORF HP [5] C 

<SLRliHlSFLF JJT R Q IT V M R 
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ORP RF[S] C 



20$0 2070 20ao 2090 2100 

JAGACCG&CAM^kCCTATCGTATlJlTGTCGCGACTAAGTTACGCtoCCCT 

< OlSir RF[5] c - 

<iR A T K W L M 
< O Rg C 

2110 2120 2130 2140 2150 

GAACTCCTCAGGATTCaAAGAaTrATCAATA^ 

ClTGAGGaGTCCTAAGTTTCTAAATAGTTATTTTAGGTTTCGTCTAO^^ 

< ORF RFtSl C 

2160 2170 2160 2190 2200 

GAXACXGAAAAGTGAGGGGCT^AAACtCAGAATGTGTCGTGACaaA^ 
CTATGACrrTTCACTCCCCGtATTTGAGTCTTACaCAGGACTC 

H C R D K D> 

KB < ORP RF[5] C_ 

m 

2210 2220 2230 2240 2250 

y ^ ATAACTG<;au:TAGGATTATGCTGTCTAAa?CTGATTGGCTACTTCCAGT^ 

TATTGACGTGATCCT2VATACGACAGATTAGACTAACC<^TGAAGGTCAGG 
S WNCTRXMLSNIaXGYFQS> 

< ORF RFI51 C 

y 2260 2270 2280 2290 2300 

=r TrrCTTTTCCTCTTTTTTGATTTCAAtrATCC3^ 

AAAGAAAAGGaGaflAAaACTAAAGTTATAGGTTTTTCTTTTAGACCACTA 

< ORF RPESl C 

2310 2320 2330 2340 2350 

TGCCCTTTTeAf5G<3ATAGCGTCAATAAG!rTGTXGTGGT^ 
Aa5GGAAAAGTCCCTATCGCAGTTATtC3a.CS^ACACC^^ 

AriPRDSVlffKLl.WPSKN> 

< ^ ORF RF[S] C 



2360 2370 2380 2390 2400 

GTCy^TTCTTTA^AAGACCA^^TTTTTTTClTTCATGAT^^ 
CAGTTAAGAAATATTCTGGTTAAAAAAAGAAAGTACTATCGACGTO 
SQFFIRI^IFPFaDSCWG> 

. > 

M I A A M V> 



< ORF RFt5] C 
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2410 2420 2430 2440 2450 

GGTTTCAAGACGTCCTXGTTGTAaaAAATCATCTrCCAATAa^^ 

CCa^aAGTTCTGCAGGAACAAC2^TTTTTTACXACIAAGGTTATC 
G P K T S L li> 



VSRRPCCKKSSSN!rKl> 



24fiO 2470 2480 2490 2500 

AZUiTCATTATTTCTCCTTTi^TCXMTAXTTaGGTTAG^ 
TTlAGTAATAAAGAGGaAATTAGAAGATAAATCCaW^TCGAjCT^ 
SIIISPLIFYLO 




2S10 2520 2530 2540 25S0 

atacacagaaaaggtataaaacgatatcactcaataaaatctactaactt 
tatgtgtcttttccatamttgctatagtgagttattttagaxgarrg^ 



AATAACC 
TTATTGC 
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Figure 10 

The comX nucleotide sequence, amino add sequence, and its local region with lOObp 
included both upstream and downstream promoter is upstream). 

> S. mutans coniX gene 

ATGGiRAGaAGATTTTGAAATTGTTTTTAaTJaGGTTJyiGCCiykTTGTATG^ 

CCGTTATTACTTTATTAAAATGTGGACTCGTGAAGATTGGOUiCAaGAGGGaAT^^ 

TTTTGCACaUiTTATTAAGGGAACATCCAGAATTAGAAGAGGATGATACA^ 

ATCTATTTTAAGACACGTTTTTCTAATTACATTAaAQATQTTTTGCGTCAGCAAGAaAG 

TCAGJ^CGTCGTTTTAATAGAATGTCTTATGAAGAAGTCGGTGAGATTGAAC^ 

TGT<aAGTGGCGGTATGCAAlrrGGATGAATATATTTTATTTCGTGATAGTTTGCTTGC^ 

TATAaACAAGGTCTGAGTACTGAAAAGCAAGASCTGTTTGAGCGCTTGGTAGCAGGAGA 

GCACTTTTTGGGAAGGCAAAGTATGCTGAAAGATTTACGTAAAAAATTAAGTGATTTTA 

AGGAAAAA 

> S. mutans CoinX protein 

MEEDFEIVFNKVKPIVWKLSRYYPIKMWTREDWQQSGI^imQL^ 

lYFKTRFSNYIKDVLRQQESQKRRFNRMSYBBVGBlEHCLSSGGMQLDEYILFRDSLLA 
YKQGLSTEKQELFERLVAGEHFLGRQSMLKDLRKKLSDFKEK 

> S, mutans comX gene local region 

GTAAATAAAACAGCCAGTTAAGATGGGACATTTATGTCCTGTTCTTAAAGTCTTTTTCG 
TTTTATAATAAITTTATTATAAAAGGAGGTCATCGTAATAGATGGAAGAAGATTTTGAA 
ATTGTTTTTAATAAGGTTAAGCCAATTGTATGGAAATTAAGCCGTTATTACTTTATTAA 
AATGTGGACTCGTGAAGATTGGCAACAAGAGGGAATGTTGATTTTGCACCAATTATTAA 
GGGAACATCCAGAATTAGAAGAGGATGATACAAAATTGTATATCTATTTTAAGACACGT 
TTTTCTAATTACATTAAAGATGTTTTGCGTCAGCAAGAAAGTCAGAAACGTCGTTTTAA 
XAGAATGTCTTATGAAGAA6TCGGTGAGATTGAACACTGTTTGTCAAGTGGCGGTATGC 
AATTGGATGAATATATTTTATTTCGTGATAGTTTGCTTGCaTATAAACAAGGTCTGAGT 
ACTGAAAAGCAAQAGCTGTTTGAGCGCTTGGTAGCAGGAGAGCACTTTTTGGGAA6GCA 
AAGTATGCTGAAAGATTTACGTAAAAAATTAAGTGATTTTAAGGAAAAATAGTTAAa^ 

GGGAAAGAATGGAACATGTGATTGTACCATTCTTTTTGGTTGAAAATTAAGAAAAGTTA 
TTATAAATTATTGGTTTAACATGCCATATTA 
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Figure 11. 

Tlie comA and comB nucleotide and amino acid sequences. ComA and ComB are the 
components of the CSP exporter, 

> S. mufcanB cotoA gene 

ATGRAACSiAGTTaTTTATGTTGTTTTAATCGTCaTAGCCGTTaACaTTCTCTTAGAGRT 

TATCAA2kaGAGTAACAAAAAGGGCSaGGGACAGTTTCGTCATCTAATCCTTTACCAGATS 

GGCA6TCTAA6TTQTTTTGGCGCAQACATTATAAGCTAGTACCTCAGATTGATACCAGA 

GACTGTGGaGC»<K:AGTGCTGGC:ATCTGTTSCaUkAGCaTTACGGATCTAATTAC^^ 

CGCTTATCTGCGGGAACTCTO^GACTAACAAGCAGGGaaCftACaGCTCTTGGCATTG 

TTGAAGCTGCTAaAATySTTAGGCTTTGaAACACGCTCTATCAAGGCGGATATGACGCTT 

TTTGATTATAATGATTTGACCTATCCTTTTATCGTCCATGTGATTAAAGGAAAACGTCT 

GCaGCATTATTATGTCGTCTATGGCAGCCAGaATAATCAGCTGATTATTGGAGATCCTG 

ATCCTTCAGTTAAGOTGACTAGGATGAGTAAGGAaCGC-rTTCaATCAGAGTGQACAGGC 

CTTGCAATTTTCCTAGCTCCTCAGCCTAACTATAAGCCTCATAAAGGTGAAAAAAATGG 

TTTGTCTAATTTCTTCCCGTTGATCTTTAAGCAGAAAGCTTTGATGACTTATATTATCA 

TAGCTAGCTTGa.TTGTGACGCTCATTGATATTGTCGGATCATACTATCTCCaAGGAATA 

TTCGACGAGTACATTCCTGATCAGCTGATTTCAACTTTACGAATGATTACGATrGGTCT 

GATAATAACCTATATTATCCS^GC^GGTCATGGCTTTTGCSUUUiGAATACCTCTTGGCCG 

TACTCAGTTTGCGTTTAGTCATTOaTGTTATCCTGTCTTATATCAAACATATTTTTACG 

CTTCCTATGTCTTTCTTTGCGACaAGGCGAACAGGAGAAATCACGTCTCGTTTTACAGA 

TGCCAATO^GATTATTGATGCTGTAGCGTCaVACCATCTXTTCAATCTTTTTAGATATGA 

CTATGGTAATTTTGGTTGGTGGGGTTTTGTTGGCGCAAaACAATAACCTmCTTTCTA 

ACCTTGCTCTCCATTCCGATTTATGCCATCATTATTTTTGCTTTCTTGAAACCCTTTGA 

GAAAATGAATCACGAAGTGATGGAAAGCAATGCTGTGGTAAQTTCTTCTATCATTGaAG 

ATATCAATGGGATGGAAACCATTAAATCACTCACAAGTGAGTCCGCTCOTTATCA?iAAC 

ATTGATAQTGAATTTGTT6ATTATTTGGAQAAAAACTTTAAGCTACACAAGTATAGTGC 

CATTCAA^CCGCATTA2%AAAGCGGTGCTAAGCTTATCCTCAATGTTGTCATTCTCTGGT 

ATGGCTCTCGTCTAGTTATGGATAATAAftATCTCAGTTGGTCAGCTTATCACCTTTAAT 

GCTTTGCTGTCTTATTTCTCAaATCCaArTGAJ^TATTATCAATCTGCAATCCAAACT 

GCAGTCAGCTCGCGTTGCCAATACACGTCTTAATGAGGTCTATCTTGTCGAATCTGAAT 

TTGAAAAAGACGGCGATTTATCAGAAAATAGCTTTTTAGATGGTGATATTTCGTTTGAA 

AATCTTTCTTATAAATATGGATTTGG6CGAGATACCTTATCAGATATTAATTTATCAAT 

CAAAAAAGGCTCCAAGGTCAGTCTAGTTGGA6CCAGTG6TTCTGGTAAAACAACTTTGG 

CTAaACTGATTGTCAATTTCTACGAGCCTAACaAGGGQATTGTTCGAATCARTGGCAAT 

GATTTAAAAGTTATTQATAAGACAGCTTTGCGGCGGCATATrAGCTATTTGCCGCAACA 

GGCCTATGTTTTTAGTGGCTCTATTATGQATAATCTCGTTTTAGGAGCTAARCAAGGAA 

CGAGTCAGGAAGACATTATTCGTGCTTGTGAAATTGCTGAAATCCGCTCGGACArrGAA 

CAAATGCCTCAGGGCTATCAGACAGAGTTATCAGATGGTGCCGGTATTTCTGGCG6TCA 

AAaACAGCGGATTGCTTTAGCTAGGGCCTTATTAACACAGGCACCGGTTTTGATTCTGG 

ATGAAGCCACCAGCAGTCTTGATATTTTGACAGAAAAGAAAATTATCAGCaATCTCTTA 

CAGATGACGGAGAAAACaATAATTTTTGTTGCCCACCGCTTAAGCATTTCACAGCGTAC 

TGACGAAGTCATTGTCATGGATCAGGGAAAaATTGTTGAACAAGGCACTCATAAGGAAC 

TTTTAGCTAAGCAAGGTTTCTATTATAACCTGTTTAAT 

> S . tnutans ComA protein 
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MKQVIYVVLIVIAWILLBIIKRVTKRGGTVSSSNPLPDGQSKLFWRRHYKLVPQIDTR 
DCGPAVIASVAKHYGSNYS lAYLRELSKTlfKQGTTMjGlVEaa^ 
FDYM)LTYPFIVHVIKGiaiLQHYYVVYGSQmQLIIGDPDPSVKVTRMSKERFQS^^ 
IiAIPIiMQPNYKPHKGHKNGLSNFFPLIFKQKALMTYIII^ 

LDEYIPDQLISTLGMITIGLIITyilQQVMAPAKEYLIAVLSLRLVIDVILSYIiOi^ 

LPMSPPATRRTGE ITSRPTDAMQI IDAVASTIFS IFLDMTMVILVGGVLLAQNKNLFPL 

TLLSIPIYAIIIPAFLKPFEKMMHEVMESWAWSSSIIEDINGMETIKSLTSESI^^ 

IDSEPVDYLEKKPKLHKYSAlQTALKSGAKIiIIiNWILWyGSRL 

ALLSYFSWPIBlTIINLQSKLQSARVANTRLNEVYLVESEPEimGDLSEKfSFlJ^ 

NLSYKYGFGIffiTLSDINLSIKKGSKVSLVGASGSGKTTIAKLIW 

DLKVIDKTALRRHISYLPQQAYVFSGSIiyroOTiVLGAKEGTSQEDIIRACEIAEI 

QMPQGYQTEIiSDGAGISGGQKQRIALARALLTQAPVLILDEATSSIiDILTES;KIISNLL 

QOTEKTirPVAHRLSlSQRTDEVIVMDQGKIVEQGTHKEIil^ 

> S. inutans coiuB gene 

ATGGATCCTAAATTTTTACAZiAGTGCAGAATTTTATAGGAGACGCTATCATAATTTTGC 

GACaCTATTAATTQTTCCTTTGGTCTGCTTGATTATCTTCTTGGTCATATTCCTTTGTT 

TTGCTAAAAAAGAZ^TTACAGTGATTTCTACTGGTGAAGTTGCACCAACAAAGGTTGTA 

GATGTTATCCAATCTTACAGTGACAGTTCAATCATTAAAAATAATTTAGATAATAATGC 

AGCTGTTGAGAAGGGAGACGTTTTAATTGAATATTCAQJiAAATGCCAGTCCAAACCGTC 

AGACTGAACAAAAGAATATTATAAaAGAaAQACA?iAAACGAGAA^ 

AAACACCAAZ^GAGCAAGAAAAAGAAGAAGTCTAAGAGCAAGAAAGCTTCCJ^ 

GAAAAAGAAATCGAAAGACAAGGAAAGCAGCTCTGACGATGAAAATGAGACAAftAAAGG 

TTTCGATTTTTGCTXC3^AAGATGGTATTATTCATACCAATCCCA2y^TATGATGGT^^ 

AATATTATTCCGAAGCAAACCGAGATTGCTCAAATCTATCCTGATATTCAAAAZIACT^G 

AAAAGTGTTAATCACCTATTATGCTTCTTCTGATGATGTTGTTTCTATGAAAAAGGGGC 

AAACCGCTCGTCTTTCCTTGGAAAAAAAGGGAAATGACAAGGTTGTTATTGAAGGAAaA 

ATTAACAATGTCGCTTCaTCAGCTiACTACTACTA^yUUUiGGA^ 

TGCCAAAGTAAAGGTTTCTAAGAAAAATAGCAAACTCATCAAGTATGGTATGACAGGCA 
AGACAGTCACTGTCATTGATAAAAA6ACTTATTTTGATTATTTCAAAGATAAATTACTG 
CATA2U^TGGATAAT 

> S. lautans ComB protein 

MDPKFLQSAEFYRRRYHlsrFATLLIVPLVCLIIFLVIFLCFAKKBITVISTGEVAPTKW 

DVIQSYSDSSIlKl^NLDmAAVEKGDVLIEYSENASPNRQTEQKWIIKERQI^ 

KHQKSKKKZKSKSKKASKDICKKKSKDKESSSDDEI^TK^ 

iSTJIPKQTEIAQIYPDIQiCTRKVLITYYASSDDWSMKKGQTARLSLEKKGl^ 

IHMVASSATTTKKGNLFKVTAKTKVSK^ 

HKMDN 
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ComC mutant 




TOTAL PAGE. 20 X«>*= 



